Consider the t = 5 means presented in Table 1 . A square table with t rows and t columns can be set up, with rows and columns representing the set of t treatments to be compared. In both rows and columns treatments are ordered according to the rank order of the means, either from lowest to highest or vice versa. This is shown in Table 3 with treatments ordered in rows and columns from largest to smallest.
All pairwise comparisons can be represented in the cells above the diagonal. Table 3 has an entry in each of these cells indicating whether or not the pairwise difference is significantly different from zero on the basis of an HSD test at the 5% level of significance. The result of all pairwise comparisons can be converted into a lines display as follows (Fig. 1) . We first write out the treatment labels in a horizontal line in the same order as in Table 3 , i.e., from largest to smallest mean in our case. We then pass through the table row by row from top to bottom and underscore the treatment labels from left to right with a line for each row. The line always starts under the treatment corresponding to the current row. We then move right in the row of the Table 2 are inaccurate or even misleading. They all fail to reflect that agreement between two treatments in a single letter is sufficient to declare a comparison nonsignificant, no matter how many other letters the treatments do not agree in. Agreement in a single letter corresponds to a single underscoring line in a lines display, and such a line means that the two treatments are not significantly different. One possible misinterpretation of inaccurately worded descriptions as in Table 2 is to assume that means are significantly different if they do not agree in all letters, i.e., if they do not have the exact same set of superscript letters. For example, farms C and D do not share the same set of letters, yet they are not significantly different because their means share the common letter 'a', which corresponds to a line connecting them.
Here is a suggested wording for a caption on a letter display that correctly represents the outcome of all pairwise comparisons:
"Means followed by a common letter are not significantly different by the X-test at the Z% level of significance," Table 3 . Table 1 . Mean cell count per sample on logarithmic scale for five dairy farms (Mudra, 1958, p. 181) . HSD = Tukey's honestly significant difference at 5% level of significance. Means followed by a common letter are not significantly different. "Means not sharing any letter are significantly different by the X-test at the Z% level of significance."
The suggested wordings are, of course, only options and variations are possible. For example, the second option could be replaced by "Means with no letter in common are significantly different (X-test; α = Z%)." The main requirement for the caption to be accurate is that it truthfully reflects the fact that the letters represent lines of a lines display and a single line/letter connecting two treatments indicates nonsignificance of the comparison.
Not all statistical packages use accurate wording in presenting mean separation results and users are well advised to critically check the wording used in computer output. One popular statistical package uses this wording: "Means with the same letter are not significantly different". This is not entirely unambiguous either because it seems to be targeted only at means with a single letter. The phrase "the same letter" does not seem to include the case where two treatments have a single letter in common but differ in others. "Means with at least one common letter are not significantly different" sounds more accurate. Now back to the example. In Table 1 there are farms A and C that have both superscripts 'a' and 'b'. This means farms A and C are neither significantly different from farm E, which only has a 'b', nor are they different from farms B and D, which only have an 'a'. But farm E is significantly lower in mean cell count than farms B and D because they have no letter in common. Importantly, the fact that farm A and B do not have the exact same set of letters attached does not mean they are significantly different. But this kind of misinterpretation can easily be suggested by the wording given in the examples in Table 2 .
It might be tempting to conclude that lack of significance of comparisons involving farms A and C means that all farms have the same mean, but this conclusion is not warranted, because you can't prove that two means are equal exactly; this would require an infinite sample size. Or as Altman and Bland (1995) put it so lucidly: 'absence of evidence is not evidence of absence'. Moreover, it would lead to inconsistent inferences for the whole set of farms. If we assume that farm E on the one hand and farms B and D on the other hand really have different means, then farms A and C cannot be equal in mean to all three of them. It is important in this context to re-iterate that a nonsignificant test of a difference does not prove that the difference is zero. A nonsignificant result could also mean that the power of the test was not sufficient to establish a non-zero difference. In fact, in many cases it may justly be argued that the null hypothesis of two means being equal is not realistic. In the example, it is hard to imagine that two farms have exactly identical expected cell counts. Most of the time we expect or even know the means to be different. To pick an example, for farms A and B we just want to know if A > B or B > A in mean cell count. Nobody would believe that A = B exactly. The most reasonable conclusion to be drawn from a nonsignificant test comparing A and B then is that the experiment was not precise enough to decide whether A > B or B > A (Tukey, 1991) . In other words, the outcome of the test was inconclusive (Hsu, 1996) . With this view in mind, interpretation of the letter display is straightforward: The study was not precise enough to place farms A and C in the overall ranking of farms. The only strong conclusion we can draw is that farm E has a lower mean cell count than farms B and D. No conclusions can be drawn regarding farms A and C.
A second example is shown in Table 4 to further illustrate how the statements in Table 2 can be misleading in cases where two treatments share one letter but each has an additional letter the other one doesn't. Here, variety D has letters 'ab' and variety E has letters 'bc'. The two varieties are not significantly different, because they share the letter 'b'. They do differ, however, in that variety D has the letter 'a' but variety E doesn't. Conversely, variety E has the letter 'c' but variety D doesn't. Obviously, they 'have different letters', so faced with one of the statements in Table 2 a reader might be misled to think they are significantly different.
cOncLUding reMArKs
Some readers may say that I am being overly pedantic and that they do not see a real problem with some of the statements reproduced in Table 2 . Certainly those who are well versed in the use of multiple comparison procedures will have no difficulty to extract the correct message from such statements and find little that is particularly confusing about them. Insisting on accurate wording is mainly for the benefit of those readers who are less familiar with the underlying methodology of multiple comparison procedures and might, therefore, easily misinterpret your letter display if the wording in the caption leaves some ambiguity.
It is noted for the sake of completeness that the two examples were for a variance-balanced design where a common SED could be computed so that a common HSD (or LSD) was available. It is this case for which most textbooks describe the lines display. But letter displays can also be obtained with more complex mixed models, such as with split-plot designs, with variance-unbalanced designs (Saxton, 1998; Piepho, 2004 Piepho, , 2012 Gramm et al., 2007; Bretz et al., 2010) , and they have the exact same meaning as in the variance-balanced case. Thus, the issues in the interpretation of the letters are the same no matter how complex the model or analysis from which they were derived.
As indicated in the Introduction, performing all multiple pairwise comparisons is a suitable approach when treatments have now particular structure. The letter display is a convenient way to report the outcome of all pairwise comparisons, provided the number of treatments is modest (e.g., <10). With a very large number of treatments, however, e.g., a trial with 60 varieties, a letter display may not be very helpful, especially if many letters are needed, possibly more than the Latin alphabet provides. When the treatment design is factorial, e.g., with eight varieties and five tillage methods, it is not meaningful to perform all pairwise comparisons among the 40 variety-by-tillage means. If interaction between factors variety and tillage is significant, one may compare the eight varieties separately for each tillage method and the five tillage methods separately for each variety (Piepho, 2012) .
Finally, it should be stressed that pairwise mean comparisons are not appropriate when a treatment factor is quantitative. For example, in a trial with eight varieties and five rates of the same fertilizer, it is best to try a regression with the amount of fertilizer as predictor variable and compare regression curves among varieties (Welham et al., 2015; Piepho and Edmondson, 2018) .
